A 72-year-old Japanese woman diagnosed with antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis was admitted to our hospital with hearing loss, temporal pain, and sudden blindness. We finally diagnosed recurrent granulomatosis with polyangiitis and initiated methyl-prednisolone pulse therapy (1,000 mg) followed by prednisolone (30 mg/day) and rituximab (RTX). After the third RTX administration, she developed bloody stools along with acute thrombocytopenia and low complement levels. We diagnosed rituximab-induced acute thrombocytopenia (RIAT), and her platelet counts spontaneously recovered. This case suggests that after RTX therapy RIAT may sometimes cause severe thrombocytopenia, and that monitoring the complements may be useful for making an early diagnosis of RIAT.
Introduction
Granulomatosis with polyangiitis (GPA) is a necrotizing vasculitis on small-to medium-sized vessels that often forms granulomases and systemic inflammatory disease that affects a wide range of organ systems. In GPA, immune deposits on the vessels are generally absent, and serum antineutrophil cytoplasmic antibody (ANCA) is frequently positive. The effectiveness of rituximab (RTX) against ANCAassociated vasculitis (AAV) has been clarified, and it is now widely used for the induction and maintenance of remission (1, 2) . However, the long-term safety of RTX as a treatment for AAV remains to be elucidated.
RTX is a chimeric murine/human anti-CD20 monoclonal antibody. RTX attacks CD20-positive B cells by several mechanisms, including complement-dependent cytotoxicity ( CDC ) and antibody-dependent cellular cytotoxicity (ADCC) (3) . The production of antibodies such as ANCA is thus suppressed by suppressing the differentiation of B cells into plasma cells. RTX is generally administered to patients as multiple infusions, and infusion-related side effects such as fever, chills, rash, pruritis, nausea, headache, hypotension, and bronchospasm are well known; they usually occur within a few hours of the initiation of the first infusion (4) . As hematological abnormalities due to RTX, neutropenia, thrombocytopenia and anemia have been described, which generally occur during the first 10-14 days after the infusion (5). Grade 3/4 levels of neutropenia, thrombocytopenia, and anemia have been reported in only 4.2%, 1.7%, and 1.1% of patients, respectively (6) .
Rituximab-induced acute thrombocytopenia (RIAT) that occurs within a few days of RTX administration has been reported in a minority of patients with B-cell non-Hodgkin's lymphomas (5, (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) , especially mantle cell lymphomas (7) (8) (9) (10) (11) (12) (13) (14) (15) . Among the reports of autoimmune diseases, RIAT has been reported in a rituximab-treated patient with autoimmune hemolytic anemia (18) , but our review of the Intern Med 57: 2247-2250, 2018 DOI: 10.2169/internalmedicine.0335-17 relevant literature did not identify any AAV patients with RIAT. We herein report the case of a patient with GPA who developed RIAT after RTX treatment.
Case Report
In October 2015, a 72-year-old Japanese woman was diagnosed with AAV at another hospital based on the findings of right otitis media, interstitial pneumonia, and a high titer of myeloperoxidase (MPO)-ANCA (18.4 IU/mL). She was administered prednisolone (PSL) 60 mg/day, and she achieved clinical remission within a few weeks. Since she maintained remission, the dose of PSL was gradually tapered to 8 mg/day.
In January 2017, she presented with hearing loss in her right ear, right temporal pain, and sudden blindness in her right eye. She was referred to the ophthalmology department of our hospital, and hypertrophic pachymeningitis was revealed by contrast magnetic resonance imaging (MRI) in April 2017. She was then admitted to our department for further evaluation in May 2017. On admission, a physical examination revealed right vision deterioration (with no light perception) and a hearing impairment. Laboratory investigations showed the following results: white blood cell count (WBC) 10,800/μL (Neutrophil 81.2%, Lymphocytes 12.7%), hemoglobin (Hb) 10.8 g/dL, platelet (PLT) 24.1×10 4 /μL, Creactive protein (CRP) 5.82 mg/dL, erythrocyte sedimentation rate (ESR) 80 mm/h, rheumatoid factor (RF) 57.5 IU/ mL, and no abnormalities of urinalysis or renal dysfunction.
The following immunological and serological results were all negative: antinuclear antibody (ANA), proteinase-3 antineutrophil cytoplasmic autoantibodies ( PR 3-ANCAs ) , myeloperoxidase anti-neutrophil cytoplasmic autoantibodies (MPO-ANCAs), IgG4, and angiotensin converting enzyme (ACE). The results of a β-D-glucan assay and a T-SPOT.TB assay were all negative. A thoracico-abdominal computed tomography examination and a nerve conduction velocity test revealed no abnormalities.
Contrast MRI revealed a right intraorbital mass, swelling of right extraocular muscles with abnormal signals of the nasal cavity and maxillary sinus, and hypertrophic pachymeningitis from the frontal lobe to the temporal lobe on the same side. A cerebrospinal fluid test showed no elevation of the cell number or protein levels and no abnormality on bacteriological and cytological examinations, except for the interleukin (IL)-6 level, which reflects intracranial inflammation. Although the levels of MPO-ANCA and PR3-ANCA were not increased, we diagnosed recurrent GPA based on the patient's past medical history of confirmed AAV and the findings of recurrent otitis media, sinusitis, an intraorbital mass, and hypertrophic pachymeningitis.
Accordingly, we administered 1,000 mg of methylprednisolone pulse therapy followed by prednisolone 30 mg/ day with tapering and the infusion of RTX (375 mg per m 2 of body-surface area per week). After the first RTX administration, the patient developed an infusion reaction consisting of transient tachycardia and mild hypotension. We then adjusted the administration rate, and she was therefore able to continue receiving RTX infusions. No detectable infusion reaction was observed during the subsequent RTX administration.
Just before the third RTX infusion, the patient nearly achieved a completed remission of the hearing loss, temporal pain, and the level of CRP (reduced to 0.43 mg/dL), and there were no significant changes in laboratory values (WBC 4,900/μL, Hb 10.4 g/dL, PLT 15.9×10 4 /μL). However, 3 days after the third RTX infusion she suddenly developed bloody stools along with acute pancytopenia, and particularly thrombocytopenia (WBC 1,800/μL, Hb 9.0 g/dL, PLT 0.7×10 4 /μL). We administered a 20-unit platelet transfusion, and the bleeding stopped promptly. There was no platelet aggregation or hemolysis in the patient's peripheral blood. Although the CRP level increased transiently, there were no findings to suggest disseminated intravascular coagulation (DIC) or infection such as cytomegalovirus. A bone marrow aspiration smear also showed no abnormality in cell density of three systems, such as blood cells, red blood cells, and platelets, and also there was no increase in the dysplasia or blast cells. Since the patient's acute clinical course did not suggest drug-induced acute pancytopenia other than that by RTX, we thus diagnosed RIAT.
During the patient's clinical course after the RTX therapy, her complement levels declined as follows: C3, from 150.5 to 72.9 mg/dL (normal range 73-138); C4, from 34.5 to 3.4 mg/dL (normal range 11-31); and CH50, from 50.5 to 14.6 U/mL (normal range 30-46). She was administered a total of four platelet transfusions (total of 50 units), but 2 weeks later, her PLT counts spontaneously recovered to 4.6×10 4 / μL, and at 3 weeks later to 9.0×10 4 /μl in parallel with the complement levels (Figure) . At the same time, the WBC and Hb counts also spontaneously recovered. We decided to discontinue any subsequent cycles of RTX to avoid the risk of bleeding, and we administered the combination of azathioprine 50 mg/day with tapering of the PSL. Her remission has now been maintained for over 6 months as of this writing, without any hematological abnormalities.
Discussion
We treated a patient with recurrent GPA who developed RIAT after a third RTX administration. RTX has been widely used for CD20-positive B-cell lymphoproliferative diseases. Since the efficacy or RTX for patients with AAV has also been clarified, it was approved in 2013 in Japan for treating microscopic polyangiitis (MPA) and GPA. In clinical trials (RAVE, RITXVAS) comparing RTX and cyclophosphamide (CY) in patients with AAV, there were no significant differences in the remission induction rate or overall safety between RTX and CY (1, 19) . Regarding hematologic toxicity, grade 2 or higher leukopenia was observed more frequently in the CY group (RTX group 3%, CY group 10%), whereas grade 3 or higher thrombocytopenia was ob- served more frequently in the RTX group (RTX group 3%, CY group 1%) (1). Accordingly, in the treatment of patients with AAV, clinicians should pay more attention to the presence of remarkable thrombocytopenia. In addition, the incidence of RTXinduced thrombocytopenia has been considered to be higher than that actually observed in clinical trials. It has also been reported that a low platelet count, a high platelet distribution width (PDW) before RTX administration, and the presence of neoplastic disease are risk factors for RTX-induced thrombocytopenia (20) .
A previous report summarizing RTX-induced thrombocytopenia (RIT) showed that most of the RIT cases occurred within 1 month, especially within 10 days, after the last administration of RTX (20) . Among the RIT cases, several cases with RIAT, which developed within a few days after RTX administration, have been reported (5, (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) , and are considered to be particularly important clinically. According to these reports, most of the patients with RIAT typically reached a nadir within 1 day and then resolved spontaneously within a few days (13) . In our patient's case, it took 3 days for her to reach a nadir and approx. 2 weeks to resolve spontaneously. Among the previous reports of cases of acute cytopenias after the administration of RTX, thrombocytopenia was the most frequent adverse event, followed by leukocytopenia, anemia, and pancytopenia (13) .
As an adverse event associated with RTX administration, infusion reactions are well known, as they are related to cytokine release syndrome (CRS). The severity of an infusion reaction is correlated with increased levels of inflammatory cytokines, such as tumor necrosis factor-alpha (TNF-α), IL-6, IL-8, and interferon-gamma (IFN-γ) (21) . Although we did not measure the serum cytokines in our patient's case, a prior case report about RIAT also showed elevated TNF-α levels in the serum, and it was noted that 82% of the 12 reported RIAT cases were preceded by the clinical presentation of CRS, thereby suggesting an association between RIAT and CRS (13) . In our case, infusion reaction was not observed after the last administration of RTX, but the CRP level increased transiently at the onset of RIAT, thus suggesting that CRS was involved in the development of RAIT.
RTX has the ability to bind to C1q, activating a complement cascade which may lead to an accumulation of complement activation products and cytokines (22) . In turn, these events play central roles in infusion reactions and CRS (23, 24) . Since platelets do not express CD20 receptor, there is no association between RTX therapy and the direct platelet destruction or the induction of antiplatelet autoantibodies (13) . Complement activation could cause acute thrombocytopenia through a direct degradation of platelets (25) or a downstream effect and the accumulation of some cytokines such as TNF-α (26). In our patient's case, a positive correlation between platelets and complement values was observed, suggesting that complement activation is involved in the pathogenesis of RIAT. It is unclear to what degree an immunological abnormality of this patient may have played a role in the present disease causing the onset of RIAT, but a clarification of this contribution could help elucidate the association between the pathogenesis of GPA and other types of vasculitis (such as MPA) and the onset of RAIT.
In conclusion, we treated a patient with significant acute thrombocytopenia that occurred during RTX treatment for GPA. The frequency of RTX treatment by rheumatologists is expected to increase in the future. However, the current clinical experience with RTX treatment for AAV is still in-sufficient to make any definitive conclusions, and thus it is necessary to recognize the potential adverse events and to manage them appropriately. For high-risk patients who may develop CRS post-RTX administration, careful monitoring including that of complements in the serum is recommended for the early diagnosis of RIAT.
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